Abstract.Although various studies and hundreds of laboratory experiments related to the punching shear strength of reinforced concrete (RC) slabs have been published and conducted respectively, code provisions have been developed based on a rather limited subset of the available test results and those studies ignored the details of test slabs and experiments. A database of 678 specimens has been categorized and structured depending on the test set-up type through the present study. In this study, eight equations for the punching shear strength prescribed in specifications were evaluated based on the database. A simplified strength equation is also proposed from the database.
Introduction
In the late 1940's, flat plates were initially developed in the U.S. Since then, hundreds of laboratory experiments have been conducted to investigate the punching shear behavior of two-way reinforced concrete (RC) slabs at interior supports. In general, most researches distinguished the controlling factors of punching shear strength based on regression analysis of experimental data and elastic theory, and formulated all the controlling factors empirically to calculate the punching shear strength.
Unfortunately, because of arbitrariness by researchers and code developers in selecting reference data together with ignored the details of test slabs and experiments, code provisions have been developed based on a rather limited subset of the available test results and also based on the not detailed categorized tests. Until now, almost all structural design codes judge punching shear failure by the nominal stress in the critical section. However, there are divergences in aspects of location of the critical section, shape of the critical section, calculation method of the nominal stress, value of the ultimate stress and othercontrolling factors [1, 2] , shown as Figure 1 and Table 1 .
Ospina et al. [1] reported the basis of the punching databank containing 512 test results of slabs without shear reinforcement subjected to concentric punching at interior column locations. However, Ospina missed Chinese and Japanese paper written in Chinese and Japanese, respectively.
The purposes of the present study are to create database for the punching shear strength of RC slabs, to evaluate the equations proposed in specifications, and to propose a rational strength equation. The member strength factors based on the evaluated equation and failure probability are also determined in this study.
a Corresponding author : huangct@yeah.net Table 1 .Specifications of different Codes for punching shear strengtha. The specifications of eight different codes for punching shear strength are given in Table 1 . The author [1] collected 166 test results of slabs without shear reinforcement subjected to concentric punching at interior column locations which conducted in China and Japan. Together with Ospina, the database of 678 specimens has been created. Shown as in Table 2 , the 678 specimens were categorized in 8 main types according to the test set-up and the specimen geometry. Figure 2 shows the plan view of typical test specimens indicating the different variables and notation used to describe their geometric properties in plan and support conditions. It should be note that the tests which missing key data will be removed. Table 3 provides the statistical index (AVG, ST,COV) of V test /V Codes . From the different Codes results in each group, due to limited test data, the strength equations and computational accuracyvary widely. The strength equations provided in specifications are mostly based on specific test data which contained a small scale in specimen geometry and material parameter. From the results of each specifications among 8 groups, it is obvious that the test set-up and the specimen geometry can influence the computational accuracy significantly. That is to say, the arbitrariness of researchers and code developers in selecting reference data can lead topoorer applicability of the specifications.
Evaluation of design specifications
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Proposed rational equation for punching shear strength
To study the punching behaviors of slab-column connection, based on the experimental phenomena, a relatively comprehensive bending-shearing critical crack model (BSCCM) which can be used to calculate the punching load and deformation simultaneously was established by the author [12] .
The BSCCM [12] indicated that the factors that affect punching behavior include: reinforcement ratio (ρ), concrete strength (f c ), yield strength of steel (f y ), punching span ratio (λ) and perimeter thickness ratio of critical section (b 0 /d). Reinforcement ratio and yield strength of steel are negatively correlated with punching deformation and positively correlated with punching capacity. In contrast, concrete strength, punching span ratio and perimeter thickness ratio of critical section are positively correlated with punching deformation and negatively correlated with punching capacity. Therefore, this paper constructs the comprehensive parameter K 0 here (as shown in Eq.1) which represents the comprehensive influence of above factors on punching capacity and punching deformation. 
Where ψ is the punching rotation; λ is the punching span ratio; d is the effective thickens of the section;ψ·λ·d represents the deflection deformation when punching occurs on the component. V is the punching load; f c 1/2 is the concrete item, referring to the standards of different countries to select 1/2 time of concrete strength for consideration; b 0 is the perimeter of the critical section (calculating according to the fillet section which is 0.5d far from the column edge); d is the effective thickness of the slab; V/( f c 1/2 ·b 0 ·d) represents the regular nominal punching capacity. The paper selects two group of tests, CC and SS, to make the detailed discussion. There are two reasons for extracting those two test data: first of all, the component shape and the loading mode are the most regular and the closest to the theoretical method built previously; secondly, most researchers have chosen those two ways for test, being 136 and 324, respectively, accounting for 67.85% of the total test components collected, so the analysis results of those two groups of components are the most representative. ) has the best results. The calculation results of the rest 8 design codes have great deviations, in which JSCE code has the best calculation results. The method suggested in the paper considers the influence of size effect, concrete strength, reinforcement ratio and perimeter thickness ratio of critical section on punching strength and further considers the influence of punching span ratio.
